This paper presents the performance of four element microstrip antenna array. The overall bandwidth of the microstrip antenna array with silver material coating is equal to 228.53 % as compared to 75.91 % without silver material coating. The microstrip antenna array with silver material coating of 30 mm thickness is producing good reduction in mutual coupling values at the resonant frequency of 5.53 GHz. Moreover, the radiation properties of antenna array are improved with good reduction in power radiated in the undesired direction. FR-4 glass epoxy substrate is used as dielectric substrate which has a dielectric constant of 4.2 and loss tangent of 0.0245. The microstrip antenna arrays are designed using Mentor Graphics IE3D software and the measured results are obtained using vector network analyzer.
Introduction
In antenna theory and analysis a short electric current carrying element is considered as the basic antenna. Progress in science and technology has been a propelling force for the design and development of new and efficient antennas. In recent years microstrip antennas and arrays have become new direction of research in antenna engineering. A microstrip antenna is made up of a dielectric substrate sandwiched between the ground planes and radiating patch. These antennas have fascinated scientists because of their advantages like less weight, planar structure, ease of fabrication and compatibility with other devices. However, these antennas suffer from narrow bandwidth and high level of interference. One of the methods that provide substantial solution to the disadvantages of microstrip antennas and arrays is Electromagnetic Band Gap (EBG) structures. [1] [2] [3] .
EBG structures are defined as manmade periodic structures that prevent or stop the propagation of electromagnetic waves for a particular band of frequencies for all incident angles and polarization states. EBG structures can be dielectric materials or metallic conductors. Generally EBG structures are categorized into three types: three dimensional, two dimensional and one dimensional. The two dimensional and one dimensional structures are preferred over the three dimensional structures as the three dimensional structures are complicated to design and implement. [4] .
In [5] authors have discussed the study of EBG structures loaded in the ground plane, their types, and their behaviour in enhancing the performance of two element microstrip patch antenna arrays. The EBG structures employed are of two dimensional in nature and corporate feeding technique is used to feed the antenna arrays. The performances of square, circular, star, H and I shape EBG structures are compared. Highest bandwidth of 5.1 % has been achieved using H shape EBG structure. Least amount of mutual coupling of -30 dB and highest gain of 13.75 dB have been obtained in the case of star shape EBG structure. In [6] authors have designed a miniaturized patch antenna array resonating at 5.8 GHz WLAN band. The novel mushroom like EBG structure is loaded in between the patches. The dimensions of the patches are 14 mm × 11.4 mm and the two patches are separated by 30 mm. Initially, the mutual coupling between the antenna elements is -19.97 dB. As the distance of separation is decreased, mutual coupling is increased and vice versa. After the introduction of array of 3 rows and 2 columns of EBG structure on the structure, the mutual coupling is equal to -35 dB. Using other methods like substrate removal and back cavity, the mutual coupling values are higher than that produced by EBG structure equal to -20 and -21 dB respectively. In [7] authors have designed novel single and two elements KSA (kingdom of Saudi Arabia) sign shape slot microstrip antennas with KSA shape EBG embedded on the surface and in between them. In the case of single element antenna, ultra wide band of 7.7 GHz (2.3 -10 GHz) is obtained. Gains of 2.9 and 4.6 dB are obtained at the two resonant frequencies 2.8 and 8.6 GHz respectively. High amount of radiation and antenna efficiencies of 94, 87, 93 and 84 % are obtained. In the case of two element antenna array, bandwidths of 37 and 58 % are obtained at the two resonant frequencies 2.8 and 8.6 GHz respectively. Enhanced gains of 3.2 and 5.5 dB are obtained at the corresponding resonant frequencies. Mutual coupling is reduced from -11.5 and -13.2 to -14.6 and -20.2 dB respectively at the two resonant frequencies. Radiation and antenna efficiencies are increased to 98, 78, 95 and 77 % respectively. The designed antennas are employed in soldier belts for military applications. In [8] authors have compared the performance of different types of EBG structures for single and dual bands. For single band operation, swastika type EBG structure is exhibiting the best performance in terms of bandwidth and compactness. Highest bandwidth of 3.6 GHz is obtained. The other EBG structures cross hair and hexagonal patch are producing bandwidths of 2.28 and 1.67 GHz respectively. Among the dual band EBG structures, fractal EBG is producing highest bandwidth of 3.69 GHz. Bandwidths produced by hexagonal patch with double C type slot and square patch with single discontinued loop type slot EBG structures are 2.03 and 1.97 GHz respectively. In terms of compactness, square patch with single discontinued loop type slot EBG structure is the best candidate. In [9] authors have designed an aperture coupled stacked microstrip antenna array using mushroom like EBG structure. Initially single element antenna is designed and simulated. Impedance bandwidth and gain of 2 GHz and above 6.8 dB are obtained. Later two element antenna array is designed with spacing between the antenna elements as λ/2. The value of mutual coupling is varying between -13 to -15 dB. There is a drop in the gain to 5.6 dB. The radius of the via and spacing between the adjacent unit cells of the mushroom EBG are 0.5 and 0.2 mm respectively. Using one, two and three rows of EBG, the value of mutual coupling is reduced by 3, 8 and 10 dB respectively. In [10] authors have analyzed the performance of 2 × 2 microstrip antenna array using EBG structure. Each cell of EBG structure has T and L shaped slots. The EBG structure is placed on the surface and in between the radiating patches. In the presence of EBG structure the bandwidth and gain are enhanced to 5.1 GHz and 11.76 dB respectively. Appreciable reduction in mutual coupling coefficients is also produced. In [11] authors have examined the performance of microstrip antenna integrated phased array using 2 × 5 matrix of mushroom like EBG structure with a band gap centred at 5.8 GHz. The two antenna elements are separated by 30 mm. The EBG structure is placed on the surface and in between the two radiating elements. The EBG structure has a band gap of 4.5 to 7 GHz, where it can suppress the unwanted surface waves. In the presence of EBG structure, the mutual coupling is brought down from -21 to -47.23 dB. In [12] authors have discussed the different techniques employed for mutual coupling reduction in microstrip antenna arrays. These are using EBG structures, split ring resonators, EBGsplit ring resonators and defective ground structures. Using EBG and split ring resonator between two radiating elements, reduces the mutual coupling more compared to other techniques. The mutual coupling is reduced to more than 42 dB and side lobes by 6 dB. The proposed antenna with spiral resonator has 5.5 dB reduction in mutual coupling. A 36 dB reduction in mutual coupling is achieved using defective ground structure. In [13] authors have examined the effect of slots on the rectangular radiating patch and rectangular DGS. The four element antenna array is found to resonate at 1.8 and 2.4 GHz with return losses -32 and -30 dB. Increasing the ground size width increases the return loss. Additionally, increasing the feed with increases the bandwidth and decreases the return loss. The designed antenna array is useful for WiMax and WLAN applications. In [14] authors have designed two pairs of microstrip antennas on Roger RT/Duroid 6010 substrate. In the presence of EBG structure with small number of holes (diameter of the holes is 1.27 cm), the mutual coupling is reduced from -16.8 to -18.9 dB. With middle holes with dielectric constant 5.6 and 10.6, no improvement in mutual coupling is observed using different feeding techniques. Using large number of holes, 1 and 2 dB reduction in mutual coupling is obtained. Later three and five columns of mushroom like EBG patches are inserted between the antenna elements. The size of the EBG patch is 3 mm and the gap between the patches is 0.5 mm. The mutual coupling in the presence of mushroom like EBG patch is reduced to -19.8 and -23.5 dB. With two, four and six columns, the mutual coupling is reduced to -19.2, -22.5 and -23.5 dB respectively. In [15] authors have designed dual band MIMO antenna system with enhanced isolation. Using a double rectangular DGS, the antenna is resonating at 2. 
Design of Conventional Microstrip Antenna Array
The conventional microstrip antenna array (CMAA) consists of four radiating patches fed by corporate feeding technique as depicted in Fig. 1 . The CMAA is designed at the frequency of 6 GHz. All the four radiating patches are identical in shape and dimensions. The distance between the two adjacent antenna elements is equal to λ/4, where λ is the wavelength calculated at the design frequency of 6 GHz. Each of the rectangular radiating patch or element has dimensions equal to 15.73 mm × 11.76 mm. The length and width of the quarter wave transformer are 6.47 and 0.47 mm respectively. The feeding element is in the form of 50Ω transmission line whose dimensions are 6.52 mm × 3.05 mm respectively. 70 and 100Ω transmission lines are also employed in the design process. All the other dimensions of CMAA are summarized in Table 1 . To study the performance of CMAA in terms of the mutual coupling parameter, all the four antenna elements are excited individually as shown in Fig. 2 . The distance between the adjacent antenna elements is maintained the same as that in Fig. 1 . The antenna elements are assumed to be fed with the same amount of power. 
Design of Proposed Microstrip Antenna Arrays
The design of proposed microstrip antenna array 1 involves the replacement of finite ground of CMAA with fork shape slot type EBG structure. The unit cell of fork shape slot type EBG structures is depicted in Fig. 3 . In order to examine the effect of fractal slot type EBG structure on the mutual coupling parameter, the fractal slot type EBG structure is integrated in the finite ground plane of schematic shown in Fig. 2. Fig. 6 depicts the arrangement of proposed microstrip antenna array 1 to determine the variation in mutual coupling. Proposed microstrip antenna array 2 is obtained by modifying the surface of proposed microstrip antenna array 1. The ground plane of proposed microstrip antenna array 2 is same as that of proposed microstrip antenna array 1. The surface of proposed microstrip antenna array 2 has U shape patch type EBG structure loaded in between the individual radiating patches. The schematics of unit cell and EBG structure of U shape patch type EBG structure are depicted in Fig. 7 and 8 . In Fig. 7 , M = 5 mm and N = 4 mm respectively. The schematic depicted in Fig. 8 is a matrix of 2 columns and 3 rows of U shape patch type unit cells. The periodicity of unit cells in Fig. 8 is P = 1 mm. The schematic of proposed microstrip antenna array 2 is shown in Fig. 9 . The schematic shown in Fig. 10 is employed to measure the mutual coupling of proposed microstrip antenna array 2. Silver material coating of thickness 30 nm is deposited on the entire copper area of proposed microstrip antenna array 2 to design the proposed microstrip antenna array 3. Fig. 11 depicts the schematic of proposed microstrip antenna array 3. Fig. 12 shows the schematic used to determine the mutual coupling of proposed microstrip antenna array 3. In Fig.  11 and 12 the grey colour indicates the silver material deposition. The single feeding line does not contribute to mutual coupling because for the measurement of mutual coupling one port has to act as input port and the other as output port. Mutual coupling is nothing but the transmission coefficients.
Results and Discussion
The measured results of CMAA, proposed microstrip antenna arrays 1, 2 and 3 are obtained using vector network analyzer. Various parameters like return loss, bandwidth (%), mutual coupling, forward power, back lobe radiation, front to back ratio (FBR) and virtual size reduction (%) are determined and compared for the conventional and proposed microstrip antenna arrays.
The mutual coupling parameters -S21, S31 and S41 are measured. The graphs of return loss and mutual coupling versus frequency of CMAA are depicted in Fig. 21, 22 and 23 respectively. The graphs in Fig. 21, 22 and 23 show that CMAA is resonating at the fundamental frequency of 5.53 GHz. The return loss produced at the resonant frequency of 5.53 GHz is equal to -21.06 dB. From the return loss graph the parameter bandwidth is calculated. The lower frequency is subtracted from upper frequency where the return loss is equal to -10 dB. The lower and upper frequencies are located on either side of the resonant frequency. Therefore the bandwidth of CMAA is equal to 273 MHz. The bandwidth (%) is determined by using equation (1) (1) Hence CMAA is producing bandwidth of 4.89 %. As the bandwidth of CMAA is very narrow it is very much required to enhance it. From Fig. 21, 22 and 23 we see that the measured values of mutual coupling (S21, S31 and S41) are -16.95, -14.22 and -17.30 dB respectively. The values of mutual coupling are very high and need to be decreased. Additionally we can see that the graphs of return loss and mutual coupling versus frequency are crossing each other at the resonant frequency of 5.53 GHz. This means that there is interference between the transmitting element 1 and the receiving elements 2, 3 and 4 respectively. Hence there is no proper transmission and reception of information between the transmitting element 1 and the receiving elements 2, 3 and 4.
The graphs of return loss and mutual coupling parameters versus frequency of proposed microstrip antenna array 1 are shown in Fig. 24, 25 and 26 respectively. From Fig. 24 , we see that the return loss plot depicts that proposed microstrip antenna array 1 is resonating at 3.87, 5.53 and 6.74 GHz. The return losses obtained at these three resonant frequencies are -18.83, -25.41 and -18.18 dB. The bandwidth is determined by subtracting the lower frequency from the upper frequency where the return loss crosses the -10 dB value. The calculated bandwidths at the three resonant frequencies are equal to 110, 740 and 220 MHz. Hence the overall bandwidth of proposed microstrip antenna array 1 is equal to 19.48 %. This means that proposed microstrip antenna array 1 is a better antenna than CMAA in terms of bandwidth. The values of mutual coupling produced by proposed microstrip antenna array 1 at the resonant frequency of 5.53 GHz are -27.97, -28.44 and -31.61 dB respectively. The graphs of return loss and mutual coupling versus frequency depicted in Fig. 24, 25 and 26 are not crossing each other at the resonant frequency of 5.53 GHz. This means that interference between the transmitting element 1 and the receiving elements 2, 3 and 4 is reduced. Hence proposed microstrip antenna array 1 is a better antenna than CMAA in terms of mutual coupling.
The graphs of return loss and mutual coupling parameters versus frequency of proposed microstrip antenna array 2 are shown in Fig. 27, 28 and 29 respectively. From Fig. 27 , we see that the return loss plot depicts that proposed microstrip antenna array 2 is resonating at 4.05 and 5.53 GHz. The return losses obtained at these two resonant frequencies are -19.11 and -25.83 dB. The calculated bandwidths at the two resonant frequencies are equal to 2130 and 1140 MHz. Hence the overall bandwidth of proposed microstrip antenna array 2 is equal to 75.91 %. The values of mutual coupling produced by proposed microstrip antenna array 2 at the resonant frequency of 5 .53 GHz are -33.81, -32.17 and -31.95 dB respectively. The graphs of return loss and mutual coupling versus frequency depicted in Figs. 27, 28 and 29 are not crossing each other at the resonant frequency of 5.53 GHz. This means that interference between the transmitting element 1 and the receiving elements 2, 3 and 4 is reduced.
Comparing the performances of proposed microstrip antenna arrays 1 and 2 we see that proposed microstrip antenna array 2 is producing enhanced overall bandwidth of 75.91 % compared to 19.48 % of proposed microstrip antenna array 1. Moreover, the reduction in mutual coupling in proposed microstrip antenna array 2 is better than that produced due to proposed microstrip antenna array 1. Hence proposed microstrip antenna array 2 is performing better than proposed microstrip antenna array 1 in terms of bandwidth and mutual coupling. From Fig. 30 , the return loss plot shows that the proposed microstrip antenna array 3 is resonating at fundamental frequency of 4.05 GHz. It is also resonating at 5.53 GHz. The return loss at the resonant frequency of 5.53 GHz is -26.12 dB. The return loss produced in the absence of silver coating at the resonant frequency of 5.53 GHz is -23.34 dB as depicted in Fig. 27 . As the return loss of proposed microstrip antenna array 3 is lesser than that of proposed microstrip antenna array 2, proposed microstrip antenna array 3 provides better matching compared to proposed microstrip antenna array 2. Hence the former antenna is better than the latter in terms of return loss.
The bandwidths produced by proposed microstrip antenna array 3 at the corresponding resonant frequencies are 3.5 and 7.6 GHz respectively. Therefore, the overall bandwidth is equal to 228.54 %. The overall bandwidth (%) of proposed microstrip antenna 3 is greater than that of proposed microstrip antenna array 2 equal to 75.91 %. The values of mutual coupling measured at the resonant frequency of 5.53 GHz are equal to are -35.57, -34.95 and -34.42 dB respectively as depicted in Figs.30, 31 and 32 respectively. The values of mutual coupling of proposed microstrip antenna array 3 are lesser than that of proposed microstrip antenna array 2. Hence with the introduction of silver of nano thickness 30 nm, mutual coupling between the antenna elements is reduced. There is no overlap of return loss and mutual coupling plots of proposed microstrip antenna array 3. Hence there is better transmission and reception of information between the transmitting element 1 and the receiving elements 2, 3 and 4 of proposed microstrip antenna array 3. Hence proposed microstrip antenna array 3 is a better antenna than proposed microstrip antenna array 2 in terms of return loss, bandwidth and mutual coupling. From Fig. 33 , we see that proposed microstrip antenna arrays 2 and 3 are radiating forward powers equal to 0.5 and 1 dB respectively. More power equal to 1 dB is being radiated by the proposed microstrip antenna array 3 compared to 0.5 dB by proposed microstrip antenna array 2. Hence the proposed microstrip antenna array 3 is a better radiator compared to proposed microstrip antenna array 2 in the desired direction or forward direction. As far as the back lobe radiation is concerned, the proposed microstrip antenna arrays 2 and 3 are radiating backward power of -9 and -9.5 dB respectively. In the undesired direction as well, the proposed microstrip antenna array 3 is the better antenna compared to its counterpart because it is radiating the lesser power of -9.5 dB as compared to -9 dB. The parameter Front to Back ratio (FBR) is calculated by deducting the undesired power from the desired power. The FBR values of proposed microstrip antenna arrays 2 and 3 are 9.5 and 10.5 dB respectively. The proposed microstrip antenna array 3 has greater value of FBR compared to that of proposed microstrip antenna array 2.
Comparing the performances of proposed microstrip antenna arrays 2 and 3 we see that the latter antenna has enhanced bandwidth (%) and is producing better reduction in mutual coupling than the former antenna. The latter antenna has surpassed the former candidate in terms of radiation propertiesback lobe power, forward power and FBR. Hence proposed microstrip antenna array 3 is a better candidate than proposed microstrip antenna array 2. Hence the proposed microstrip antenna array with silver coating is performing better than the proposed microstrip antenna array without silver deposition. Silver is so special compared to other metals because silver has the highest electrical conductivity. As to why silver is the best conductor is based on fermi sphere surface area. The conductivity in metals as per quantum free electron theory depends on Fermi sphere surface area. The Fermi sphere for any material can be plotted by taking the magnitude of Fermi velocity and radius of Fermi sphere. Mean free path is temperature dependent and Fermi velocity is temperature independent. Hence the ratio of mean free path and Fermi velocity is not constant. For silver Fermi sphere surface are is more than that of other metals.
To summarize in the first step performance of CMAA design is improved by loading fork shape slot type EBG structure in the ground plane. In the second step U shape patch type EBG structure is incorporated on the surface and in between the radiating patches with fork shape slot type EBG structure in the ground plane to obtain good bandwidth and appreciable decrease in mutual coupling. This design also demonstrates good radiation characteristics in terms of back lobe reduction and greater for ward power. In the final step silver metal is deposited on top of the entire copper to investigate the further performance. The motivation behind the design improvement is the ability of EBG structures and silver coating deposition. Table 2 benchmarks the proposed design with existing literature. 
Conclusion
The four element microstrip antenna array with silver metal coating is designed and tested experimentally. In this paper, four element microstrip patch antenna array with silver material of thickness 30 nm is performing better than that without the silver deposition. A predominant improvement in overall bandwidth of 228.54 (%) is obtained. Appreciable decrease in mutual coupling coefficients is obtained. The deposition of silver material is thus leading to good radiation characteristics with decrease in back lobe radiation and increase in forward power. This reflects the importance of nanotechnology in enhancing the performance characteristics of microstrip antenna array.
